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Demonstration of Melanosome 
Transfer by a Shedding  
Microvesicle Mechanism
Glynis Scott1
The process of melanosome transfer has fascinated pigment cell biologists 
for decades. Whole-organelle transfer is a unique property of melanocytes, 
suggesting that the biologic underpinnings of the process reflect melanocyte- 
and keratinocyte-specific proteins and pathways. Although several mechanisms 
of melanosome transfer are likely to occur in the skin, Ando et al. focused on a 
new mechanism of melanosome transfer that involves release of melanosome-
containing globules, similar to shedding vesicles into the extracellular space, 
followed by uptake by keratinocytes. This model adds further complexity to the 
process of melanosome transfer in the skin.
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melanosome transfer: multiple models
Because melanocytes constitute a 
minority population in the epider-
mis, efficient transfer of melano-
somes (the organelle responsible for 
melanin synthesis) to keratinocytes is 
critical in providing photoprotection 
to the skin. The melanocyte has mul-
tiple dendrites, which contact basal 
as well as suprabasal keratinocytes. 
The biologic importance of melano-
some transfer is easily appreciated 
after exposure of skin, or melanocyte–
keratinocyte cocultures, to UVR, 
which induces increased synthesis of 
melanin, enhanced dendrite forma-
tion by melanocytes, and melanosome 
transfer. Disordered melanosome 
transfer due to defects in rab27a and 
myosin Va are seen in Griscelli syn-
drome, a rare autosomal recessive dis-
order characterized by partial albinism 
and immune deficiency (Barral et al., 
2002; Hume et al., 2002; Novak et al., 
2002). Understanding the nature of 
this process has clinical implications 
for photocarcinogenesis and disorders 
of pigmentation, including melasma 
and postinflammatory pigmentary dis-
orders.
Historical models of melanosome 
transfer were based primarily on static 
electron micrographs of cocultures 
and low-resolution video microscopy. 
Despite these technical limitations, 
investigators were able to propose sev-
eral mechanisms, including phagocy-
tosis of dendrite tips by keratinocytes, 
individual melanosome “exocytosis,” 
and an “inoculation” model in which 
dendrite tips were inserted directly into 
the keratinocyte membrane (Okazaki 
et al., 1976; Yamamoto and Bhawan, 
1994). In 2002, using high-resolution 
time-lapse microscopy and electron 
micrographs, we identified a novel 
mechanism of melanosome trans-
fer through thin actin-based struc-
tures called “filopodia” and showed 
that the small GTP-binding protein 
Cdc42 stimulates melanosome trans-
fer (Scott et al., 2002). Transport of 
melanosomes along microtubules has 
been shown to be driven by the motor 
protein kinesin (Hara et al., 2000), and 
a critical receptor for melanosome 
uptake, PAR-2, has been identified on 
keratinocytes. The PAR-2 receptor is 
upregulated by UV irradiation, and it 
mediates the engulfment of melano-
somes in a mechanism similar to that 
of traditional phagocytosis-mediated 
processes (Seiberg, 2001; Sharlow et 
al., 2000).
Shedding microvesicles in  
melanosome transfer
In their study reported in this issue, 
Ando et al. used scanning electron 
microscopy and immunofluorescence 
microscopy of melanocytes in which 
the plasma membrane was stained to 
demonstrate the presence of “pigment 
globules” adhering to dendrites. 
Scanning electron microscopy showed 
that multiple filopodia were assoc iated 
with the pigment globules. The pig-
ment globules consisted of multiple 
melanosomes tightly packaged into a 
single membrane structure 2–7 μm in 
diameter. These structures resembled 
shedding microvesicles, which are 
single-membrane vesicles that are a 
vehicle for transport of a variety of 
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substances such as lipids, genetic infor-
mation, including DNA, mRNA, and 
epigenetic regulatory factors, includ-
ing microinhibitory RNAs. For many 
years, shedding microvesicles were 
considered artifacts of tissue culture, but 
they are now recognized to be distinct 
from exosomes released upon exocy-
tosis of multivesicular bodies (Cocucci 
et al., 2009). Shedding microvesicles 
play a role in tumorigenesis through 
the transfer of vasculogenic factors and 
arise from outward budding and fis-
sion of the plasma membrane. Cargo 
released from shedding microvesicles 
elicits biologic responses dependent 
on the cell of origin, and the membrane 
proteins expressed on the surface of 
microvesicles may interact specifically 
with recognition signals on target cells 
to promote signaling responses. A key 
difference between shedding microves-
icles and pigment globules is that 
shedding microvesicles do not contain 
organelles.
Scanning electron micrographs show 
that uptake of the pigment globules 
occurred through a process of microvilli 
capture by the keratinocyte and that 
it is PAR-2 dependent. The keratino-
cyte plasma membrane wrapped 
around the pigment globules, result-
ing in a bilayer membrane containing 
an intracytoplasmic vesicle with mult-
iple melanosomes. Also interesting 
was the observation that melanosome 
transfer occurred not only from the tip 
of the dendrites but also from the entire 
surface of the dendrite, consistent with 
previous reports showing that filopodia-
based melanosome transfer occurs at 
sites distinct from the dendrite tip (Scott 
et al., 2002). The observation that pig-
ment globules appeared to aggregate 
and arise from the tips of the filopodia 
suggests that investigation into proteins 
involved in capture of melanosomes at 
filopodia tips, including myosin Va and 
rab proteins, could provide insight into 
that step in melanosome transfer.
While transfer of melanosomes 
from melanocytes to keratinocytes 
is important, effective distribution 
of melanosomes and their contents 
within keratinocytes is necessary to 
place melanin pigment as a protective 
cap above the keratinocyte nucleus. 
Retrograde transport of melanosomes 
to the perinuclear region of keratino-
cytes is mediated by motor protein 
dynein, thus protecting keratinocyte 
chromosomes from damage by UVR 
(Byers et al., 2003). Ando et al. (2012) 
show that melanosome dispersal is 
gradual, taking about 6 hours from 
uptake to dispersal, and that it is initi-
ated by membrane degradation around 
the pigment cell globules. Therefore, 
analysis of membrane degradation 
pathways could provide additional 
information about regulatory events in 
melanosome transfer.
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Clinical Implications
•  Melanosome transfer is necessary for photoprotection of the skin.
•  Disorders of melanosome transfer may contribute to postinflammatory 
pigmentary change.
•  Disorders of melanosome transfer are associated with albinism and 
immune defects.
